Abstract -Over the years software quality is becoming more and more important in software engineering. Like in other engineering disciplines where quality is already a commodity, software engineering is moving into these stages. The Team Software Process (TSP) was created by the Software Engineering Institute (SEI) with the main objective of helping software engineers and teams to ensure high-quality software products and improve process management in the organization. This paper presents a methodology for assessing an organization against the TSP practices so that it is possible to assess the future gains and needs an organization will have during and after the implementation of TSP. The gap analysis methodology has two pillars in terms of data collection: interviews and documentation analysis. Questionnaires have been developed to guide the assessment team on the task of conducting interviews and further guidance has been developed in what and where to look for information in an organization. A model for the rating has also been developed based on the knowledge and experience of working in several organizations on software quality. A report template was also created for documenting the analysis conclusions. The methodology developed was successfully applied in one well known Portuguese organization with the support and validation of SEI, and several refinements were introduced based on the lessons learnt. It is based on the most know reference models and standards for software process assessmentCapability Maturity Model Integration (CMMI) and ISO/IEC 15504. The objective of this methodology is to be fast and inexpensive when compared with those models and standards or with the SEI TSP assessment pilot.
INTRODUCTION
In the context of software engineering, software quality is the degree to which a system, component, or process meets specified requirements as well as customer or user needs or expectations [1] . Nowadays software quality is becoming increasingly more important as software engineering is becoming more and more an exact science where errors are less and less tolerated. Software engineering is moving towards the direction of other engineering disciplines, likewise civil engineering where bridges are standing and in use for more than 2000 years. The Team Software Process (TSP) [8] was developed based on these premises.
After the release of TSP, it has been implemented in a wide range of organizations worldwide with impressive results [9] . Over recent years its growth has increased specially in the USA, Mexico and Asia among other regions, and is currently considered one of the software processes with best performance results by some authors [10] .
It is a fact that TSP contributes greatly to the improvement of team and personal performance as well as the quality of the products developed [9] . These facts lead to a high cost reduction in the organizations making them more efficient and effective. TSP has also been used very broadly by organizations that want to reach the higher levels of Capability Maturity Model Integration (CMMI) levels 4 and 5 [4] . CMMI is today the most well known and used benchmark model regarding software process quality.
Due to these facts, it is becoming more and more important for organizations to know how far they are from TSP practices, not only because of the cost of implementing TSP, but also to evaluate the gains that they can have when applying this methodology when compared with their current practices.
The work described in this paper has the main objective of defining a methodology to help in the evaluation of the current practices of an organization that is considering implementing TSP by means of a gap analysis.
Being TSP a technology that brings big gains in terms of quality, productivity and predictability in projects, leading to cost savings [2] , it is important to create an easy to use methodology to evaluate the distance of an organization practices to TSP.
The methodology should be easy to use and understand by someone that is familiar with software engineering and it should be a methodology that is quick to follow and produce results. The results should be fast to read and there must be material produced that is easy to read by senior management of organizations.
It is one of the objectives that this methodology can be applied both from the inside of the organization, meaning that an internal assessment team can follow the steps provided, or from the outside of the organization, where an external entity is hired to perform the assessment and provide the results.
The TSP evaluation methodology has been developed having in mind the TSP practices and procedures as well as the usual practices of the industry. It combines also the best practices of the Standard CMMI Appraisal Method for Process Improvement (SCAMPI) and ISO/IEC 15504 assessment methods.
The developed methodology has been applied in an organization for testing the methodology and afterwards it has been refined based on the lessons learned.
The rest of the paper is organized as follows. Section II presents an overview of the TSP, SCAMPI and ISO/IEC 15504, including its advantages and best practices. In section III the methodology of assessing organizations according to TSP is described. In the next section, the forth one, a short description of the practical application of this methodology is described. No further information about this methodology evaluation can be shown due to confidentiality reasons. In the fifth section the conclusions of this work are described. There are also references to the future work beyond this paper.
II. STATE OF THE ART
In this section it is described the TSP methodology that is a key point of this work. This section also describes the two most common methodologies used to assess the software development processes in an organization. They are based on the most know models for process improvement in software organizations: CMMI and ISO/IEC 15504.
A. TSP
The success of organizations that produce softwareintensive systems depends on well managed software development processes. Implementing disciplined software methods is often a challenge. Organizations seem to know what they want their teams to be doing, but they have difficulties on how to do it. The TSP, together with the Personal Software Process (PSP), were designed to provide both a strategy and a set of operational procedures for using disciplined software process methods at both the individual and the team levels. Organizations that have implemented the TSP and PSP have experienced significant improvements in the quality of their software systems and have reduced schedule deviation [9] . Countries like Mexico for example are betting to become more efficient in software development by introducing a national TSP initiative [3] .
The TSP is designed to guide the development team while they design and develop software-intensive systems. It will work for many other kinds of teams, however its focus is on software development work being that the industry where it has been most widely used. The TSP process guides development teams and their management in planning and developing quality products on predictable schedules. It provides detailed guidance and its process scripts lead the developers through launching and operating their teams.
The PSP purpose is to help the software engineer to be better. It is a powerful tool that can be used in many ways, for example to manage work, assets and talents and to build skills. It can help to improve the planning, the performance tracking and the product and process quality measurement.
TSP has proven to be an effective methodology to achieve good quality products with an impressive improvement in terms of the key variables software development organizations evaluate nowadays. It does not implement cheap techniques, however the price of quality is quickly paid off in a very short time. TSP with its iterative life cycle brings benefits to the organizations that are seen on every cycle due to its ability to force measurements and to use them to improve both the individual and the organization performance.
B. CMMI and SCAMPI
Capability Maturity Model Integration is a process improvement maturity model for the development of products and services. It consists of best practices that address development and maintenance activities that cover the product lifecycle from conception through delivery and maintenance [4] .
The purpose of CMMI is to help organizations to improve the way they develop, maintain, buy and service software. The CMMI model is adopted worldwide and has 3 constellations, development acquisitions and services. The one that is referenced in this paper as CMMI is the development one.
CMMI is divided in 5 maturity levels that define the maturity of the organization in terms of the processes it has to develop software: 1. Initial, 2. Managed, 3. Defined, 4. Quantitatively managed and 5. Optimizing.
The SCAMPI method main goal is to identify the strong and weak points of the organization as well as the ratings relative to the CMMI appraisal reference model. It includes the best practices found in the community after many years of improvement of the model and of the assessment method.
The SCAMPI evaluation method is divided in three different evaluation classes, A, B and C. The class A appraisal is the one that allows an organization to be evaluated against a maturity level being the most extensive and rigorous one [5] .
The SCAMPI method has the following primary objectives:
• Provide a common, integrated appraisal method capable of supporting appraisals in the context of internal process improvement, supplier selection, and process monitoring.
• Provide an efficient appraisal method capable of being implemented within reasonable performance constraints.
In terms of accuracy, the method guarantees that the results are truly reflective of the organizations maturity and capability and can be used to compare organizations that use the same reference model (CMMI). It also brings to its report the weaknesses and strengths of the organization. The method is seen as cost effective taking into account the number of hours spent in planning, preparing and executing the appraisal. Another important objective of the appraisal that is also obtained through the SCAMPI method is to allow the sponsor taking decisions on the next steps regarding process improvement and monitoring.
C. ISO 15504
ISO/IEC 15504 is an international standard. It is the reference model for the maturity models (consisting of capability levels which in turn consist of the process attributes and further consist of generic practices) against which the assessors can place the evidence that they collect during their assessment, so that the assessors can give an overall determination of the organization's capabilities for delivering products (software, systems, IT services).
The purpose of ISO/IEC 15504, likewise CMMI, is to help organizations to improve the way they develop and maintain software.
ISO/IEC 15504 is divided in 6 capability levels [6] The assessment process begins with the identification of the sponsor, the selection of the assessment team leader, the selection of the team and the definition of the purpose of the assessment. The purpose definition should have into account and be in line with the organization's business goals [7] .
An assessment plan describing all the activities to be performed is developed and documented together with an assessment schedule. The plan must include the resources -not only people but also equipment and logistics.
Risks are a very important item to have into account in any project and an ISO/IEC 15504 assessment is no different. Due to this fact risk factors and mitigation strategies must be documented, prioritized, tracked and monitored throughout the assessment. Potential risks may include changes in the assessment team, organizational changes, changes in the scope and purpose, lack of resources, lack of availability of documents, confidentiality, among others.
In the process of attribute rating, for each process assessed, a rating is assigned for each process attribute up to and including the highest capability level defined in the assessment scope. The rating is based on data validated in the stated activity.
The last phase is the reporting and results.
The SCAMPI and ISO/IEC 15504 evaluation methods studied are not very different from each other. They both assess subsets of the organization, they both have a team making this assessment and they both use interviews and analysis of artifacts in order to gain insight about the organization. When considering the TSP methodology (as the assessment reference ), it brings the new people dimension to the assessment as well as other variables to be assessed to the equation. It was also possible to verify that the cost to execute any of these methodologies is high, both in terms of external and internal expenditure, as they require significant time from the internal resources and the external ones.
III. PROPOSED METHODOLOGY
Both SCAMPI and ISO/IEC 15504 are not directly applicable for performing a TSP gap analysis, but provide a set of elements that were used as a basis for the development of a lightweight evaluation methodology specific for TSP practices. The method developed to perform the gap analysis collects data from three different instruments. It uses the collection of artifacts, interviews with key people in the organization as well as informal conversations. Conducting this analysis is a complex operation and requires some planning and effective preparation. Figure 1 shows the main phases and activities proposed for the gap analysis work. Successful execution of this gap analysis process depends on having a well prepared and trained team as well as having support from the organization in making available the resources (people and information) for the team to use. These things do not happen by accident, they require a good planning and preparation as well as support.
One of the key elements of this process is to avoid using larges amounts of data by simplifying the use of the available data and using the interviews to validate the gathered data.
The definition of the organization part to be appraised is also an important factor to have into account. This process can be applied to a whole organization or to a part of it, like a business unit, a single project, a group of projects or almost any combination of those.
A. Prepare
The process should start with the investigation by the team about the company that will be analyzed. This investigation can start by going through the web pages of the company (nowadays almost every company has a webpage), looking for articles about the company, its main customers, its industry focus, its structure, among other general information that can be helpful. This information is very important to be used to break the ice with the organization's people besides its technical value.
It is key that the organization at its various levels is aware about what is TSP, its objectives, its methods, and advantages. In order to achieve this it is recommended that a 1-day session is performed in the company premises. The SEI has available a 1-day executive seminar that can be adjusted if needed and that can be a good introductory course to the company's management.
B. Gather information
This is the phase where the team will evaluate the degree of difficulty to gather the artifacts needed for the evaluation. An organization that knows where is stands can be extremely helpful in providing information needed by the assessment team. In this case, it will also be easier to conduct the interviews as very likely every resource will know very well where they should stand and the tasks to be performed. If this is not the case, it can be painful for the assessment team to find all the needed information. This might make the evaluation last longer, be more expensive and less efficient.
The analysis of the Quality Management System (QMS) is the first formal task that is going to bring us valuable information. The access to the QMS should be given to the assessment team as well as support by a knowledgeable person of the organization on this subject. There should be at least two periods of analysis of the QMS, one where the analyzer browses the QMS with the help of his support person and another where he does it at his own pace and looks for any evidences that could contradict or verify the previous gathered ones.
The last step of gathering information is to perform interviews. Examples of typical roles to interview are project managers, developers and testers.
Time and task management as well as planning are key activities in TSP. When performing an interview these should always be in the mind of the assessment team as this is an area that can have great impact in the organization and is usually difficult to change.
Questionnaires developed to guide these interviews can be consulted in [11] and they are key elements to conduct a good evaluation. It is very important that after each interview the questionnaires are updated and improved, as this information can be very helpful to tune the gap analysis process. 
C. Confirm information
The stage of confirming information starts with the consolidation of the information gathered. This consolidation should have into account the end results matrix assessment, as it is objective of this consolidation to prepare an intermediate document to be shown to the management of the organization. On performing this consolidation, besides the objective previously stated, there is the need of finding further gaps of information for the next iteration of meetings with the organization. This missing information for the assessment should be gathered immediately after presenting the consolidated report.
There are many reasons why this intermediate presentation is done. It brings the validation of the assumptions and preevaluation of the work that is being done in a more informal environment than the final presentation.
During this visit, and in case it was detected some lack of information, further interviews or collection of artifacts might be needed. This should be aligned with the organization manager of the project. In case a new stakeholder should be interviewed new questionnaires should be produced or the existing ones updated.
D. Produce and present report
The final report and presentation are key elements to show organizations where they are when compared with the TSP practices. A proposed version of this report has been developed and is part of the dissertation with same name as this article [11] . The proposed index of the report is as follows: This final presentation should be an enhanced version of the intermediate presentation and a similar structure should be followed. It is key to make sure that the presentation and the report delivered are consistent and it is advisable that the report is delivered before the presentation meeting so that the organization has time to study it prior to the discussion.
The discussion of the report and the presentation conclude the gap analysis and a further version of each of these documents might need to be delivered in case there are disagreements in the documents and an agreement is reached in this meeting.
After this it will be up to the organization to decide what to do, to implement or not to implement TSP.
E. Success factors
There are several key success factors that need to be taken into account when executing the evaluation:
• There must exist commitment from the organization to perform this process, otherwise there is a high risk that a good end is not reached or that the evaluation results are not reliable. In this area it is included the availability of the resources that is a very important element to collect the needed information.
• Motivation to perform this gap analysis is key. Without it, people involved in this assessment will not perform well and information gathered will not be reliable, resulting in results that are not correct.
•
The planning has to be done prior to the evaluation and has to be approved by all the key stakeholders. Only this way we guarantee deliveries and milestones to be followed.
The assessment team has to be experienced and knowledgeable, giving the organization guarantees that work is being well done and that the assessment team can help solving problems found during the work being performed.
• No information should be hidden from the assessment team and communication should be open and fair with the organization. This touches the first point in this list, however, because information is a key element to perform the analysis, it is stated here as a standalone point.
The organization has to be ready to accept the evaluation done by the assessment team, not raising nonexisting issues in the end or during the evaluation in order to challenge the work being done by the team.
In case any of these fail to happen, issues might arise during the evaluation and the results of the evaluation might not reflect the reality of the organization.
F. Analisys prespectives
A set of analysis perspectives have been developed based on the TSP methodology and on the authors' knowledge of the industry. This is shown in Table I . Practices associated with project management.
Engineering
Practices associated with engineering (except verification and validation).
Verification and Validation
Practices associated with verification and validation.
Process Management
The quality management system framework and its management.
IV. PRACTICAL IMPLEMENTATION
The methodology was applied in a fast growing organization in order to understand the gains that could be achieved with the implementation of TSP. The overall results have been very good and the organization accepted the gaps identified towards the model as well as the report.
After the work done at the organization together with the meetings that have been held regarding the implementation of TSP, several gaps were identified.
These gaps cover mostly the areas of measurement, quality management, teamwork, and performance.
In order to overcome these gaps for the implementation of TSP there are several measures that have been recommended:
1. Plan the implementation of TSP in 2 pilot projects that are considered business relevant and representative of the work of the organization.
2. Pick projects that have a planned duration between 3 and 6 months. By using the TSP, organizations can achieve a quick start to process improvement, and can accelerate and better sustain process improvement initiatives already underway. The TSP framework is a proven-effective way for organizations to implement a successful process improvement effort.
It is important to restate that no further information can be provided due to confidentiality agreements.
V. CONCLUSIONS AND FUTURE WORK
This paper presents an effective methodology for assessing an organization on TSP practices. This fact becomes more evident after the application of the methodology and the praise received both by the management of the organization that was assessed as well as by the Software Engineering Institute that reviewed this assessment.
Prior to starting developing this methodology it were deeply studied other already existing assessment methods. Having into account the complexity of these other methodologies and the cost involved in executing them, the authors tried to produce a simple methodology that would produce accurate results for evaluating the needs and gains of implementing TSP in an organization.
It has been given special attention to the interviews that have to be conducted during the application of this methodology. The order of the questions and of the sections, including open and closed questions, has been set so that the interviewed can gain confidence on the assessment team as well as information beyond the questions can be gathered. There has also been the concern on the time taken for each interview in order to make it cost effective and enthusiastic.
After the development of the questionnaires, and before its use on a real case, they have been reviewed by senior software engineers with TSP knowledge in order to validate its content. The comments received were very positive.
The report template has been developed with the objective of facilitating the development and delivery of the final report to the organization management. It has the advantage of being simple, easy to read and having in its structure an interpretation of the assessment areas.
It is important to state that this methodology is expected to give a gap analysis before the beginning of the project. It is also important to mention that this methodology, unlikely the two other ones presented in this paper, is much more cost effective and its implementation although faster, is expected to be spread over time, allowing organization to have a more distributed internal effort when applying it.
Future research in this field can improve the methodology described as well as improve the tools available for the assessment team. At this stage there is no tool to support the gathering of information. A tool for helping the assessment could be of great help as it could speed up the development of the final report as well as gathering structured information.
As future work, as the interest on TSP raises, we plan to apply the gap analysis methodology on other organizations. By applying this methodology to organizations of different sizes, levels of maturity and geographical distribution , extra inputs can be collected to help develop the methodology and even create different approaches according to the type of organization.
